Background Nonsteroidal anti-inflammatory drugs have an inhibitory role in pathogenesis of pancreatitis. Guidelines from the European Society of Gastrointestinal Endoscopy recommend routine rectal administration of 100 mg of diclofenac or indomethacin immediately before or after ERCP for all patients without contraindications. Aims Our aim was to evaluate the effect of diclofenac in preventing post-ERCP pancreatitis (PEP) in a high-volume, low-PEPrisk ERCP unit. Methods The rate and severity of PEP were compared in groups of 1000 historical controls prior to the routine use of diclofenac and in 1000 patients receiving 100 mg diclofenac before ERCP. Results PEP occurred in 56 (2.8%) of the 2000 patients, and the rate of the pancreatitis was 2.8% in control group and 2.8% in diclofenac group (p = 1.000). The PEP rate among the native papilla patients was 3.9% in control group and 3.6% in diclofenac group (p = 0.803). In subgroup analysis of patients with a high risk of PEP, diclofenac neither prevented PEP nor made its course milder. Conclusions In an unselected patient population in a center with a low incidence of PEP, diclofenac seems to have no beneficial effect.
Introduction
Acute pancreatitis is the most frequent and feared complication of endoscopic retrograde cholangio-pancreatography (ERCP). The occurrence of post-ERCP pancreatitis (PEP) varies between 1 and 25% depending on risk factors and the indication of ERCP. [1] [2] [3] [4] The vast majority of PEP has a mild or moderate course, but in 0.3-0.6% of cases, PEP is severe in nature with a need for intensive care and invasive interventions, and at worst, it can even lead to death. 2, 5, 6 The pathogenesis of PEP is not clearly understood. Phospholipase A is believed to play a key role in the inflammatory cascade leading to pancreatitis. Nonsteroidal anti-inflammatory drugs (NSAIDs) are potent inhibitors of phospholipase A2 activity, and neutrophil and endothelial cell attachment. With this mechanism, they are believed to play an inhibitory role in the pathogenesis of pancreatitis. 7, 8 The guidelines from the European Society of Gastrointestinal Endoscopy (ESGE) 9 recommend routine rectal administration of 100 mg of diclofenac or indomethacin for all patients without contraindications immediately before or after ERCP. This guideline is based on eight meta-analyses that all show the benefit of NSAIDs in preventing PEP. [10] [11] [12] [13] [14] [15] [16] [17] The studies in these metaanalyses have strict inclusion and exclusion criteria, and they have mainly been conducted on high-risk patients and procedures. The overall risk of PEP in these studies has been rather high (6.9-26%) due to their patient selection. [18] [19] [20] [21] [22] [23] [24] [25] [26] The American Society for Gastrointestinal endoscopy (ASGE) recommends rectal indomethacine for the prevention of PEP in average-risk individuals. 27 In Asia, Japanese guidelines recommend administration of intrarectal NSAIDS for all cases undergoing ERCP with no contraindications. 28 Commonly known NSAID-related adverse events are gastrointestinal bleeding, ulcer, and perforation as well as adverse events in renal function. However, single dose of NSAIDS in preventing PEP has been safe in earlier studies. 19, 20 On the basis of the ESGE guidelines and earlier research data, we initiated rectal administration of diclofenac to all eligible patients without contraindications referred for ERCP at Helsinki University Hospital (HUH) after November 2013.
The aim of this study was to evaluate the effect of diclofenac in preventing PEP in a high-volume, low-PEPrisk ERCP unit. The annual volume in our unit is 1200 ERCP procedures, and the overall risk of PEP has varied between 2.0 and 3.3%. 29, 30 
Materials and Methods
In this study, we retrospectively compared 1000 patients who had been rectally administered 100 mg diclofenac before undergoing ERCP (diclofenac group (DG)) to 1000 patients who had not received administration of diclofenac (control group (CG)). Both groups included all the adult patients (≥18 years) procedures who were referred to our unit, regardless of the indications for ERCP. The exclusion criteria for DG were contraindications for NSAIDs (renal insufficiency or NSAID allergy). To collect the data for this study, all patient records about ERCP patients were reviewed, and information about age, sex, weight, height, and history of acute pancreatitis, chronic pancreatitis, or PEP were recorded. The results of laboratory tests, including plasma bilirubin and amylase levels before ERCP, were collected, as well as plasma amylase levels 4 h after ERCP and, if the patient stayed overnight, 24 h after ERCP. All the ERCP-related details were explored: indication, type and difficulty of procedure, type of cannulation, duration of cannulation of native papillae, pancreatic duct opacification, and duration of ERCP. The difficulty of the procedure was scored using the scale presented by Cotton et al. 31 Biliary cannulation of native papilla was defined as Bdifficult^if there were more than five attempts, the guide wire passed into the pancreatic duct two times or the primary cannulation was unsuccessful after 5 min. Data about biliary duct cannulation time was available only for 506 patients of the 934 native papilla patients whose bile duct cannulation was attempted. Therefore, we also interpreted the cannulation as difficult if there was a need for a second cannulation method to get access to the bile duct. The time of hospitalization was recorded, and the patient history was followed 30 days after ERCP to explore possible readmissions due to ERCPrelated adverse events or late onset of PEP. PEP was diagnosed if there was an elevation in amylase exceeding three times the upper limit of normal four or 24 h after the procedure with pancreas-specific abdominal pain requiring hospitalization or prolonging initial discharge from hospital by more than 1 day. 32 The severity of PEP was classified according to the revised Atlanta consensus criteria. 33 Other adverse events, such as perforation and bleeding, were classified according to the Cotton consensus criteria. 32, 33 Perforation was defined if there was a visible leak of contrast dye or a suspicion of guide wire perforation during the ERCP, or if air and fluids were visible in a computed tomography (CT) scan after ERCP.
All ERCP procedures were performed or supervised by four experienced interventional operators who each undertake around 300 ERCPs a year. Their individual rate of PEP varied between 2.7 and 3.6% in this study.
The primary outcome of this study was to assess the incidence of PEP in the CG and DG, as well as in known higherrisk subgroups, such as patients with native papillae, pancreatic sphincterotomies, papillectomies, pancreatic brush cytology, normal bilirubin level, difficult biliary cannulation, and female patients. The secondary outcome was to resolve weather the administration of diclofenac makes the course of PEP milder.
In previous analyses, the risk of PEP in our unit has been 2.0-3.3%. 29, 30 The sample size determination for this study was carried out as follows: power = 0.8; α = 0.05; and to lower the risk from 3.0 to 1.0% needs a sample of 1528 patients (764 + 764). We included 2000 patients in this study. The analysis was performed using SPSS version 22.0 (IBM Corporation, Somers, NY) statistical software. Differences in demographic variables between the CG and the DG were analyzed using the chi-square test or Fisher's exact test for categorical variables and the nonparametric Wilcoxon-MannWhitney test for continuous variables. The same tests were used to further analyze the associations between variables and PEP. To show the effect of diclofenac in groups with risk factors for PEP, each individual risk subgroup was separately adjusted for diclofenac administration in a logistic regression analysis. In addition, all variables that had p < 0.05 in the univariate analysis were selected for multivariate logistic regression analysis in order to identify potential confounding variables for PEP. The results were presented as odds ratios (ORs) with 95% confidence intervals (95% CIs). Probabilities below 0.05 were regarded as statistically significant.
Results
Most of the ERCPs were therapeutic procedures (97%). The most common procedure was a biliary sphincterotomy, and it was performed 1327 times. After the sphincterotomy, the most common procedures were biliary stent placement or removal (749) and biliary stone removal (459). Half of the patients (1058) had native papillae, and the median cannulation time of native papilla was 92 s. The median total time of the procedure was 21 min in all patients, as it was 21 min in native papilla cases as well. According to the criteria used, the biliary cannulation of native papilla was rated as difficult in 328 cases (31%).
The baseline characteristics of the study groups (CG and DG) are shown in Table 1 . The possible patient-related risk factors for PEP were similar in these two groups with four exceptions. (1) Sixteen patients in the CG and only 6 patients in the DG had a history of earlier PEP (p = 0.032). This patient group was very small, and therefore, the result has no clinical relevance. (2) More pancreatic sphincterotomies were Cotton classification performed in the CG (192 patients) than in the DG (158 patients, p = 0.045). (3) The median duration of the procedure was 21 min in both groups; however, in the CG, 117 operations took longer than 45 min compared to the DG with 143 operations lasting more than 45 min, and in the DG, the total time of procedure was longer (p = 0.002). (4) Patients in the CG stayed longer in hospital after ERCP than patients in the DG (p = 0.015). The median time in both groups was 1 day, but patients in DG were discharged more often on the day of operation. The reason for this difference is the change of our policy after having a new big daycare unit in our hospital, which made it possible to discharge patients on the day of procedure. However, there was no difference between the groups in the number of inpatients after day 1 (p = 0.396).
The incidence of PEP in the different risk groups is shown in Table 2 . PEP occurred in 56 (2.8%) of the 2000 patients, and its distribution was equal in both groups: 2.8% in the CG and 2.8% in the DG (p = 1.000). The PEP rate among the native papilla patients was 3.9% in the CG and 3.6% in the DG (p = 0.803). There were no significant differences between the CG and DG groups in the distribution of any PEP risk group (Table 2) .
In univariate analyses, the risk factors for PEP were found to be native papilla, pancreatic sphincterotomy, pancreatic brush cytology, papillectomy, precut sphincterotomy, difficult cannulation, and prolonged time of procedure (Table 3) . We chose these variables for pair-wise logistic regression analysis together with the administration of diclofenac, which did not have an effect on the risk of PEP in these analyses (data not shown). We also carried out a multivariate analysis on these risk factors and the administration of diclofenac. In multivariate analysis, four factors were significantly associated with the risk of PEP: pancreatic sphincterotomy, pancreatic brush cytology, difficult cannulation, and prolonged time of procedure. Administration of diclofenac did not show any effect on the risk of PEP (Table 4) .
In the whole cohort, 35 patients (1.8%) had mild PEP, 18 patients (0.9%) had moderately severe PEP, and three patients (0.15%) had severe PEP according to the revised Atlanta criteria. There was no difference between the groups in the severity of PEP (p = 0.877) ( Table 5) .
Adverse events of ERCP other than PEP are shown in Table 6 . Significant bleeding after ERCP occurred in 15 patients (0.75%): ten incidents of bleeding in the CG and five incidents in the DG. The bleeding was classified as severe in ten patients. Most of the severe bleeding cases were mild to moderate in nature, but because we promptly performed endoscopy and electrocoagulation of the bleeding site after blood clot removal, they were categorized as a more severe event. There was no association between bleeding and administration of diclofenac. There were 21 incidents of perforation (1%) after ERCP. Seven were graded as a mild perforation, seven as moderate, and seven as severe. The reason for the perforation was guide wire perforation in nine patients, sphincterotomy in six patients, papillectomy in two patients, biliary dilatation with biliary stones in two patients, duodenal dilatation in one patient, and pharyngeal perforation in one patient. Surgery was needed for only one patient with duodenal perforation; the others recovered after drainage and antibiotics, and in the cases of guide wire perforation, even without any treatment. The incidents of perforation were equally distributed between the CG and DG (11 and ten, p = 0.513). Post-ERCP cholangitis was diagnosed in 15 patients (0.75%), nine in the CG, and six in the DG (p = 0.71). Prophylactic pancreatic stents were placed only 22 times to prevent PEP. There were 11 stents in both groups. Indications for prophylactic pancreatic stent were papillectomy in 11 patients and difficult cannulation in 11 patients (five biliary stone removals, five biliary tumor strictures, and one biliary stricture after liver transplantation). One patient with a prophylactic stent had mild PEP.
The 30-day mortality was 3.1% (55 patients). The median age of this group was 74 years (range 55-93). The most common cause of death was widely spread malignancy (44 patients). Other coexisting diseases, such as pneumonia or sepsis, were the cause of death in nine patients. Two patients (0.1%) died due to complications from the ERCP; one patient in the CG had a perforation due to a sphincterotomy and biliary stone removal, and another had severe PEP (ages 93 and 87 years, respectively).
Discussion
The aim of our study was to determine the efficacy of prophylactic rectal diclofenac in preventing PEP and reducing the severity of its clinical course. We assessed the effects of diclofenac on our unselected patient population. Statistical analyses showed no difference in the risk or the severity of PEP between the CG and DG in pair-wise logistic regression analysis with known risk factors for PEP. In a multivariate logistic regression analysis including patient-and processrelated risk factors, diclofenac did not have an effect in the risk of PEP. The overall incidence of PEP in this study was 2.8%. According to our routine protocol, we measure plasma amylase 4 h after the procedure from all ERCP patients. This protocol may even increase the rate of PEP in our unit, even though abdominal pain is needed for the diagnosis of PEP. In centers where amylase is measured only in cases of abdominal pain, mild cases of PEP that resolve spontaneously with painkillers may be missed. The risk of severe PEP in our present study is 0.15% according to the Atlanta criteria. 33 The low rate of PEP in our present study differs from the other previous studies, which were conducted with a much higher incidence of PEP, showing a clear effect of diclofenac or indomethacin in reducing the risk of PEP. 18, 19, 21, 23, 25, 34 Three other recently published randomized trials have similar results to ours, showing no effect of indomethacin or diclofenac in preventing PEP. 22, 35, 36 However, they include a relatively low number of patients (n = 144, n = 665, and n = 449, respectively). Our cohort differs from these due to its larger volume, with 2000 patients and 1056 native papillae. Our results indicate that the role of NSAIDS in preventing PEP is not clear and further randomized controlled trials are needed to explore its routine use for all patients, especially in centers with low PEP risk.
Absence of chronic pancreatitis, normal serum bilirubin, and a previous episode of acute pancreatitis are known as patient-related risk factors of PEP, and female patients are also known to be at a higher risk. Procedure-related risk factors include difficult cannulation, repeated contrast injection of the pancreatic duct, pancreatic acinar opacification, and precut or needle-knife sphincterotomy. 2, 4, 5, 37 All kinds of mechanical manipulation of the pancreatic duct can cause obstruction of or prolonged spasms in the pancreatic sphincter. Although our study is retrospective in nature and therefore has some limitations, it involves a large cohort of patients and explores the effects of diclofenac in our patients; our unit has been keeping a thorough register of all ERCP procedures for several years. These known PEP risk factors exist in our present study: 1058 patients had native papilla (3.8% risk of PEP in our study), 1026 patients had normal serum bilirubin (3.0% risk of PEP), 279 patients had previous history of pancreatitis (1.4% risk of PEP), difficult cannulation occurred 326 times (6.7% risk of PEP), pancreatic sphincterotomy was performed 350 times (8.3% risk of PEP), and the rate of therapeutic ERCPs was as high as 97%. The patient material was not selected, with the exception of very few sclerosing cholangitis patients, who are mainly treated in the gastroenterological internal medicine endoscopic unit at our hospital, and patients with sphincter of Oddi dysfunction, which seem to be scarce in the Finnish population.
There were some differences between the patient characteristics of the CG and DG. The variation of operators between the groups is due to the trainees in our unit, especially two trainees after November 2013 (DG). All trainees performing ERCPs were supervised and assisted by the same four experienced endoscopists, who carried out most of the ERCPs. All the procedures were performed in the same manner, and there were no changes in the ERCP protocol during the study period. Trainees were involved in the easiest procedures, and their risk of PEP remained low (1.8-2.3%). Analyzing only the 1742 patients, whose procedure was performed by the four experienced endoscopists, the risk of PEP did not differ between CG and DG, similar to the whole cohort (p = 0.939). More pancreatic sphincterotomies were also performed in the CG than in the DG (p = 0.045). Pancreatic sphincterotomy is a risk factor for Data are presented as numbers and (%) percentages of patients PEP, and therefore, it can distort the results. However, since in this study, more pancreatic sphincterotomies were performed in the CG, it does not interfere with the effects of the diclofenac. The difference between the durations of the procedures between the groups can be explained partly by the initiation of routine double-balloon ERCPs and cholangioscopies, which our unit adopted in 2012. They are longer procedures, with mean operating times of 59 and 72 min. There were only one double-balloon ERCP and three cholangioscopy ERCPs in the CG, whereas these numbers were 19 and 30 in the DG. Their risk profile for PEP did not differ from the other procedures in this study.
Conclusion
In an unselected patient population in a center with a low incidence of PEP, diclofenac seems to have no beneficial effect on the risk of PEP.
